Vol. 18 No.4 (2007) 531 amount of impurities. [8, 14] As natural impurities such as feldspar reduces the capacity of ammonium adsorption, pretreatment is desired to remove them before use. In this study the ability of an air classification system to remove the impurities is presented. Air classification is an important process step to optimize product quality and classification of fine particles. [15] In an air classification system, particles are separated into fine and coarse fractions under the influence of airflow and inertial force such as gravity and centrifugal force. When the material consists of two or more constituents of different size, density, and hardness, purification is possible using air classification.
In the present study, air classification was applied to the natural zeolite from Pohang, southeast Korea to reduce the amount of impurities. overlapped with those of the minerals in each sample were normalized to those of K00 (Table 1) . The relative peak intensities of clinoptilolite and mordenite became weaker in the order of K12 > K10 > K08 > K00> K06> K04, whereas that of feldspar became stronger in the reverse order of K12 < K10 < K08 < K00 < K06 < K04.
These results indicate that the amount of clinoptilolite and mordenite increased and the amount of feldspar decreased as rotational speeds of classifier wheel increased. The particle size distributions of the samples were Table 3 . Chemical compositions of unclassified and air-classified samples (wt%).
performed. The speculation was consistent with those obtained by the above XRD results. The chemical compositions of minerals in untreated sample; clinoptilolite, mordenite, feldspar and illite are determined by EDX analysis (Table 2) . These morphologies and chemical compositions corresponded with those of published studies. [7, 18, 19 ] The Si/Al mole ratios of clinoptilolite and mordenite are higher than those of feldspar and illite.
The illite contains significant Fe and Mg, and the feldspar richly contains significant Na as compared with clinoptilolite and mordenite. The chemical compositions of the samples before and after air classification determined by ICP are shown in Table 3 . As the speeds of classifier wheel increased, the Si/Al mole ratio increased and the amounts of Na decreased systematically. These results indicate that the amounts of clinoptilolite and mordenite increased, and that of feldspar decreased after the air-classification. The amounts of Fe and Mg in their samples were almost constant before and after the air classification. XRD and chemical analyses of untreated and air-classified samples concluded that the present zigzag air classification was effective at reducing the amount of impurities, especially feldspar, of the Korean natural zeolite.
Ammonium adsorption behavior
The ammonium adsorption isotherms of the samples in ammonium chloride solution are shown in Fig. 3 .
The sample K12 showed the highest ammonium adsorption capacity among the samples, with a capacity of 0.93 mmol/g in 10 mmol/L NH4C1, which was 1.2 times as much as that of K00. Ammonium adsorption capacity decreased in the order of K12 > K10 > K8 > K00 > K06 > K04. This order was observed to correspond to both decreasing amount of zeolites (clinoptilolite and mordenite) and increase of impurity (feldspar) in the samples with the decrease of wheel speed of classifier in the previous section. So this phenomenon can be explained by the difference in component percentages of minerals among the samples. K12 was identified to be sample with the largest amount of clinoptilolite and mordenite and with smallest amount of feldspar among the samples. The above order was also observed for the change of the particle size distribution of the air-classified samples (Fig. 2) .
Kang et al. compared the cation exchange capacities of
Korean natural zeolite with different particle sizes by pulverizing and sieving. [20] They showed the magnitude of the measured cation exchange capacity was not significantly affected by the particle size. It is explained in most of the cation-exchange sites of zeolite exist in the pores and that the number of cation-exchange sites do not increase by pulverizing. The ammonium adsorption capacity of K12 is comparable to the high purity natural zeolite (clinoptilolite) from Shimane Prefecture, Japan.
[8]
K12 has similar but slightly higher exchange capacity than other previously reported zeolites.
[1] The present results indicated that zigzag air classification was effective in improving ammonium adsorption of Korean natural zeolite as a direct result of the reduction of the amount of impurity, especially feldspar, from the natural zeolite. These results will be useful as a basic research for efficient removal of the ammonium ions from wastewater using natural zeolites. Vol. 18 No.4 (2007) 
